A similar situation arises during prolonged moderate exercise, mental stress, exposure to the cold and other physiological conditions in which the adipose tissue is called upon to provide skeletal and heart muscle with fuel in the form of fatty acid. Here again, there is increased mobilization of FFA from adipose tissue.
During the fed state, the fatty acids of the dietary fat eventually appear in the circulation as chylomicron triglyceride (see above). Most of this is hydrolysed by the lipoprotein lipase of adipose tissue, the fatty acids entering the adipose tissue cells for storage as triglyceride. The fate of the VLDL triglyceride in the fed state is broadly similar to that of the chylomicron triglyceride; VLDL are taken up by adipose tissue, their triglycerides are hydrolysed by lipoprotein lipase and the fatty acid is incorporated into intracellular triglyceride. In the fed state there is therefore a net movement of fatty acid, derived from chylomicrons and VLDL, into adipose tissue triglyceride. This results in replenishment of the triglyceride store from which the tissues obtain most of their fuel during fasting. Cholesterol and phospholipids: Cholesterol absorbed from the food is esterified with fatty acid in the intestinal mucosa and the cholesteryl esters are incorporated into chylomicrons. The chylomicron cholesterol is taken up by the liver and hydrolysed to free cholesterol. After mixing with free cholesterol synthesized in the liver, the cholesterol of exogenous origin is incorporated into lipoprotein and released into the circulation. The free cholesterol attached to lipoprotein is rapidly esterified with fatty acid derived from the plasma lecithin by a plasma enzyme which catalyses the transfer of an unsaturated fatty acid residue from lecithin to cholesterol. The further metabolism of the plasma cholesterol is very slow compared with that of the protein components of the plasma lipoproteins and of the other plasma lipids.
The phospholipids of the plasma lipoproteins are synthesized in the liver and intestinal wall and are incorporated into the lipoprotein macromolecules before their discharge into the circulation. The old view that the plasma phospholipids act as vehicles for the transport of oxidizable fuel in the form of fatty acid is no longer held. It seems much more likely that their function is to stabilize lipoproteins by acting as a link between the protein and the less polar lipids of the proteinlipid complex.
Conclusion
From a quantitative point of view, the most important aspects of lipid transport are the movement of triglyceride fatty acid into the storage depots during fat absorption, and the redistribu-tion of triglyceride and FFA to tissues requiring noncarbohydrate fuel. Other lipids may also be transported in the circulation from one tissue to another in order to fulfil their biological functions. For example, fat-soluble vitamins are carried from their sites of storage in the liver to the tissues where they are needed, and steroid hormones are carried to their target organs from the endocrine glands in which they are synthesized. But the amounts of these lipids transported are minute in comparison with the fluxes of FFA and triglyceride through the circulation, particularly during fasting.
The primary function of the plasma VLDL is undoubtedly to transport triglyceride in the plasma, the role of the other lipids of the VLDL being, presumably, to impart the necessary stability to the protein-lipid complex. It has been suggested that the LDL and the HDL are fragments of the VLDL that have lost most of their triglyceride load. The protein and lipid composition of the three classes of lipoprotein are consistent with such a relationship. However, it should be noted that inherited absence of either the LDL or the HDL leads to specific disturbances of lipid transport (see Dr Lloyd's paper, page 899), suggesting that both these lipoproteins serve distinct functions and are not merely the byproducts of VLDL metabolism.
Dr W G Dangerfield and Dr D Tarlow (North Middlesex Hospital, London N18)
Electrophoresis of Plasma Lipoproteins
It would probably be agreed that the two most profitable methods of investigation of lipoproteins have been zone electrophoresis and ultracentrifugation. Other methods such as turbidimetry, nephelometry, ultrafiltration, immunoelectrophoresis and precipitation by polysaccharide sulphates in the presence of divalent cations have played valuable subsidiary roles. The high cost of ultracentrifuges has prohibited their extensive use, so that much attention has been devoted to electrophoretic methods. Paper and starch block media were the first to be used for this purpose and the former is still in frequent use (Kunkel & Lees & Hatch 1963) . The different methods of investigation have given rise to different lipoprotein nomenclatures and some of the alternative names are equated in Table 1 where the normal lipoproteins are given in order of increasing density; this is different from the order of increasing electrophoretic mobility which is: chylomicrons <p-lipoproteins <pre-,-lipoproteins <a-lipoproteins. The mobility of lipoproteins varies with the supporting medium used, but as paper was the first widely used medium the nomenclature based on paper will be retained even when describing cellulose acetate patterns in which pre-p-lipoprotein migrates to a position level with the a, globulin. Free fatty acid (or non-esterified fatty acid) is not a lipoprotein but it has been included in Table 1 for the sake of completeness; it is normally bound to albumin, but when excessive amounts are present some is bound to the lipoproteins, and this sometimes causes displacement of these bands in the electrophoretic pattern. Two 'abnormal' lipoproteins have been included but there is no general agreement on their names. One, here called 'J-lipoprotein', occurs in obstructive jaundice and biliary cirrhosis and is sometimes referred to as 'X-lipoprotein' (Russ et al. 1956 , Furman & Conrad 1957 and the other, here called 'broad P-lipoprotein', is often referred to as the 'floating ,-lipoprotein' because it floats when ultracentrifuged in a medium of density 1 006 (Fredrickson et al. 1967) .
When one attempts to summarize the estimates of the size, molecular weight, composition and other properties of lipoproteins, one finds considerable differences in the published figures. There is such a wide variation in the composition of lipoproteins that it is difficult to define the classes in ways that are useful and yet precise. Consequently the figures given in Table 2 must be regarded as a tentative guide rather than as well established data. Normal concentrations of lipoproteins in the plasma vary considerably with age and sex. The amount of chylomicrons varies according to the nature of the previous meal and the time elapsed since it was eaten. The chylomicrons originate in the lymphatics of the mesentery and the triglycerides (fat) contained in them are directly derived from the fatty acids contained in the fit eaten; so these triglycerides are said to be of exogenous origin. The pre-p-lipoproteins, ,Blipoproteins and a-lipoproteins are formed in the liver and their triglycerides may be mainly derived from fatty acids synthesized from simpler compounds such as glucose; their triglycerides are of endogenous origin.
Starch gel electrophoresis has not been of much help in lipoprotein investigations but polyacrylamide gels have proved more profitable, although to date the results are of scientific rather than clinical interest (Narayan & Kummerow 1966 , Dangerfield & Pratt 1970 . Electrophoresis in cellulose acetate membrane (CAM) and in agarose gels will probably prove much more helpful, particularly the former, since the technique is so simple. One can adopt a 'comparative multiple sample' method such as is frequently used for routine protein electrophoresis.
......... This technique is as follows: Using a metal applicator several plasma samples are applied simultaneously to a strip of CAM wetted with buffer solution. The amount of sample applied should be two or three times the amount used for good protein patterns (about 4 pl/cm). Electrophoresis is carried out using conditions similar to those ordinarily employed for protein patterns, but the membrane is stained in oil red 0 solution. Several variations in staining technique have been used by various workers and it is found that the relative intensities of the lipid bands vary with the temperature and duration of staining and with the ratio of ethanol to water in the stain solution. We use a solution prepared as follows: 0-2 g oil red 0 (George Gurr) is dissolved in 300 ml of industrial spirit (740P) by boiling under reflux for 15 min and when cool enough to handle comfortably a further 300 ml of industrial spirit is added; this is followed by the addition of a previously made mixture of 840 ml industrial spirit and 560 ml water. Finally 40 ml glacial acetic acid and 60 ml of water are added, and the solution allowed to stand overnight. Next day the precipitated dye is filtered off and the solution kept at room temperature. Immediately before use, 10 ml of water is added to 100 ml of this solution so rendering it supersaturated.
The cellulose acetate strips are stained overnight at room temperature and then rinsed for 5 min in a solution containing 200 ml industrial spirit, 120 ml water and 10 ml glacial acetic acid. The strips should be examined at this stage and it will be found that normal fasting plasmas show a scarlet ,B-lipoprotein band, a plumcoloured pre-,-lipoprotein and a red a-lipoprotein band. Plasmas taken from subjects a few hours after eating a meal containing a considerable amount of fat show an additional plumcoloured band of chylomicrons at the line of application. If a strip is allowed to dry at this stage the surface becomes white and the patterns obscured. The strips may be kept in water or alternatively they may be preserved by soaking for 15 min in a solution containing diacetone alcohol (115 ml water, 60 ml diacetone alcohol, 20 ml industrial spirit and 5 ml acetic acid) and subsequently placing them on sheets of glass, squeezing out trapped air bubbles and heating in an oven at 1000 C for 15 min. When quite cold the strips are peeled from the glass and placed between two glass sheets for a day to prevent warping. This procedure converts the fragile opaque membrane into a strong transparent film, but the differences in colour between the lipoprotein bands disappear during heating and they all become red. These patterns do not fade and appear unchanged after keeping in a file for a year.
A strip showing the patterns given by normal plasmas and chylomicrons is shown in Fig 1. The chylomicrons were separated by layering the plasma under 0-9 % sodium chloride solution and centrifuging at 10,000 rev/min for one hour in an angle-head high speed centrifuge (RCF=10,000 g). Chylomicrons from normal subjects stay at the line of application or move only a little distance forward. Comparison of the plasma of a subject taken fasting with that taken about 3 hours after a fat meal shows the presence of chylomicrons in the later specimen, and also shows that the pre-p-lipoprotein increases after the meal. Some abnormal plasmas may give bands that are altered in intensity or displaced forwards in position. Lipaemic plasmas give patterns in which the chylomicrons or the pre-p-lipoproteins bands are so much wider than usual that they may be more appropriately termed 'smears' or 'trails'. Sometimes the pattern shows a smear from the origin to the albumin position or even farther, and individual lipoprotein bands are not discernible. Analysis of these plasmas shows them to have high concentrations of triglyceride and free fatty acid. The commonest condition giving rise to these patterns appears to be uncontrolled diabetes, but hyperlipwemia from other causes gives similar patterns. Ifthe large lipid particles in such plasmas are separated in the manner described for chylomicrons and are then submitted to electro- phoresis they usually produce a smear extending from the line of application to at least as far as the normal pre-,-lipoprotein position, and sometimes even beyond the albumin position. There is frequently rather diffuse scarlet staining around the pre-,-lipoprotein region. On analysis these particles are found to be largely triglycerides but they contain more cholesterol than normal chylomicrons. Incubation of these lipid particles with bovine albumin before electrophoresis removes the front part of the smear. Table 3 relates the abnormal patterns to the lipid levels and lists some of the pathological conditions giving rise to them. These data are put forward tentatively and work on this is still proceeding. It is suggested that the method of staining outlined has advantages over the more orthodox methods and the technique is suitable for routine use.
Inherited disorders of the serum lipoproteins may be considered in two main groups: those in which there is deficiency or absence of a lipoprotein, and those in which there is an excess of one or more of the major lipoprotein fractions. This paper describes the main clinical and pathological features of the primary hypolipoproteinemias, and the major categories of primary hyperlipoproteinmmia (Frederickson et al. 1967 ).
DEFICIENCY DISORDERS

Abetalipoproteinwmia
This rare condition is inherited as an autosomal recessive and is characterized by malabsorption of fat and an abnormality of the red cells (acanthocytosis), both of which are present from birth, and by the development of an ataxic neuropathy and a pigmentary retinopathy in later childhood and adolescence. The lipoprotein abnormality can be demonstrated by paper electrophoresis, and immunoelectrophoresis confirms the absence of the whole P-lipoprotein macromolecule. Ultracentrifugal analysis shows that a-lipoprotein is reduced to about one-half to one-third of its normal concentration, and neither chylomicrons nor pre-,-lipoproteins are present. The basic defect in this condition concerns the synthesis of the B-apoprotein (Gotto et al. 1971 ). The serum lipids reflect the lipoprotein changes; cholesterol and phospholipid concentrations are very low and, using sensitive techniques, only 2-3 mg/100 ml of triglyceride can be demonstrated (Barnard et al. 1970) . Substances carried by Plipoprotein such as vitamin E and carotenoids cannot be detected in the serum.
The steatorrhaea is due to the accumulation of lipid within the enterocytes of the intestinal mucosa owing to the failure of chylomicron formation. Nevertheless, about 50-75 % of dietary fat is absorbed, presumably by the portal vein route. Acanthocytes may be seen on a stained film but are best demonstrated in a fresh, wet, undiluted film when the absence of rouleaux formation is also obvious. Cells morphologically identical to acanthocytes may be seen in other conditions, especially in alcoholic liver disease (Cooper 1969) . The acanthocytes in abetalipoproteinamia have a membrane of abnormal lipid composition with a relative increase in sphingo-
